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NPG REPORT NO. 1105

Major Caliber HC Projectiles

BARL A
SINOPSIS

l, This test was conducted to determine the fragmentation charac-
{erésgics of 12" Mk 17 and 14" Mk 19 HC projectiles, Explosive "D"
oaded,

2+ &ae¢ The 12" HC projectile when compared to the 14" HC projectile
produced about 35% more fragments weighing 2-1/2 to 640 grams and
- considerably less fragments weighing over 640 grams in polar angle
gone 60° - 120°, Ahout 854 of the projectile fragment weight of -
either projectile was expelled in zone 60° - 120°,

be The 12" and 14" projectiles produced average median beam
: ra§ fragment velocities of 2140 ft/sec and 2210 ft/sec respec=
"Vey. ‘ '
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NPG REPORT NO. 1105

‘1. AUTHORITY3

- This test was authorized by reference (a) and econducted under
Task Assignment NPG-36-Re3d-418-1i which was renewed by Task Assign-
ment NPG~Re3d-418-1-53, reference (b). .

2. REFERENCES: -

‘ae BUORD Conf 1tr S878-1(117) EHe3d ANBsbec of 14 June 1949
be BUORD ltr NP9 Re3d-ANB:bc of 29 July 1952
¢. NPG Conf TelCon to BUORD S78~1(66-1) TZ:iVW:ldd of

21 June 195 | '
d. BUORD Conf 1ltr 578-1(117) Re3d-Aillisbc Ser 46693 of

24 October 1952
es NPG Report No. 129 of 19 October 1948

‘ 3+ BACKGROUND:

¢

as Roference (a) requested that fragmentation tests of 12",
14", and 16" HC projectiles be ccnducted over the water pit with
the projoctiles in horigontal, basc down and nose down positions,
The tosts requiring base down and nose down positions of the 14"
and 16" projactiles were cancelled by reforence (c¢) and the hori-
gontal position test of the 16" projoctile was cancelled by refer-
ence (d). This action was taken because of fragment hazard to
nearby Naval Proving Cround installations and the possibllity of

- damage to privately owned propcrty.

b. Base fragment velocities of projectiles, 3" through 16",
arc hoing detormined and will be the subject of a separate report.

4, OBJECT OF TEST:

This-test was conducted to dctermine the fragmentation charac-

{erésgics'of 12" Mk 17 and 14" Mk 19 HC projectiles, Explosive "D
0aaoed.
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5« PERIOD OF TESTS

a. Dates Project Lotters | 14 June 1949
- - ‘ : 21 June 1950
| 24 October 1952
|  be Date Necessary Material Recelved 15 June 1949
V'ﬁic}f Date Commenced Test 28 October 1949
' de Test Firing Completed (12" and 14") 14 June 1950
. es 16" Piring Cancolled ' 24 October 1952
PARIL C

. 6o DEECRIPTION OF ITEM UNDER TEST:
"~ “ae 12" HC projuctilcs, Mk 17 Mod 2, Lot 4 Explosive nph

. loaded and assembled with Mk 55 ADPF and Mk 29 PDF, both modified  ‘
- for static detonation, :

' be 14" HC projeetile, ik 19 od 4, Lot 13, Explosive "D
loadod and assembled with’Mk 55 ADF and Mk 29 PDF, both modified
- for static detonation, ‘ | |
~¢es Tho projectile and explosive weights are as follows:

Empty and

"Rd. ' Piring fuzed  Exp. "D Total o
No. krols Pogition mi. (lbs) wt, (Abs) ut Erage Noo
1 12" Horirzontal 856,8 79.4 936.2 1421 |
2 " "o 855.8 " 935,.2 1422

-3 " " 85440 % 934,42 1423
4 W  Basc Down 854.8 " 934,2 1425
5 "  Nosc Down  856.8 " 936.2 1429
1 14" Horizontal 1170.0 104,2 1274.2 1450
2 " KT 1164.2 " 1268.4 1460
3 " " 1168.1 “ 1272.3 1479

' CONFYDENTIAL
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7. DESCRIPTION OF TEST EQUIPMENTS )

a. Wator Pits A 15' squarc oponing at ground level leading
into a 20' square by 10! deep chamber filled with water. Pro-
joctiles are suspended directly above the opening by the use of a

horizontal beam, such that (1) if thes projectile is in a horizontal

- position, 1/6 oo the fragments in tho zone 60° -120° are trapped
in the water pit, (2) if the projcctile is suspended in a nose down
position, all of the fragments in the zone 0° ~30° are trapped in
the water pit, and (3) if the projectile is suspended in a base
down position, all of the fragments in the zone 150° - 180° are
trapped in the water pit. All zones are polar angle zones measured
from the nose, 0%, ' '

. be 20 high‘vertical stoel panels 80' from ths projectile in.
zone 91° - 104% wero utilized for fragment velocity determinations
aleng with a 35mm Fastax Camora. A photograph of the water pit
get up is shown in Figure 1.

8, REEULTS AND DISCUSSIONS

Be Mass distribution for zone 60° - 120°: The recovered frag-

ments arc shown in Figures 2 to 9, inclusivc, and thc detallod mass
distribution dazta arc listed in Tables I and II. The summarized .
data aro as followss :

Fiagment 01&5 o,
wi, group ‘ ‘ |
szw-n ' m-‘-l ww!—m ¢ K. ¢ W
2«1/2 = 10 567 184 9
10 = 40 437 148 11
40 - 160 316 150 112
160 = 640 72 g 82
640 + . 1 - 35

Round No. 1 of the 12" HC projectile had a much finer fragment mass
distribution than Rounds Nos. 2 and 3 and was not used in averaging
tho data. Metallurglicel cxamination of the fragments of these proe
jectiles (Appendix (D)) indicated that the only differcnce 1n prop-
erties was the distinetly greator brittleness of Round No, 1, as
evidenced by tho Charpy tost. It is well known that a more brittle
case material tends to give a finer fragmentation; for example,
cast iron, Reference (e) indicated that the inereasod brittlenoss
of a 5" préjectile body caused by a deecreasc in its tomperature was

CONFIDENTIAL
SECURITY INFORMATION 5
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roflected in a finor fragmontation. The anomalous results obsorved
for Round No. 1 arc thorofora ettributed to its brittloness., The
12% HC projectile (excluding Round No, 1) produced approximately
35% more fragments welighing 2-1/2 to 640 grams than the 14" HC
projcctile in polar angle zone 60° - 120°, About 854 of the pro-

gctilg2£§agment weight of either projcctile was oxpelled in zone

b, Mass distribution for zomes 0° = 30° and 150° - 180°s The
- 0® - 30* fragments represent i-1/2% and the 150° - 180° fragments

reprosont 6-1/2%¢ of the prejectile fragment woight. Tho summarized
date are as followss «

. - - Fragmont . Total Ko. Fraements
~ Welight Group 2" 1
' (BIEEE) Qo - 300
2-1/2 - 10 8 200
10 - 40 ‘ 8 96
40 - 160 5 . 26
160 - 640 9 41
640 + L 5

. Fragmont velocitys The dotailoed beam sprav, 91° - 104°,

frepment velocity data listud in Tables III and IV ore summar.ged |
as8 followss

| | Modian Eﬁn§§””§ X’]fﬁﬁfﬁ (£1/506)
|

| 2110 - :
2 2130 2230 E
3 2170 2290 :
Avorage | 12140 2210 :

The above velocities arc a mean measurcd over the first 80 feet
of travel, ’ - ’ :

Bone T e xR
b e B e v e B e e LR

CONFIDENTIAL
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EARLI D
CONCLUSIQNS

9. a. Tho 12" HC projectile whcn compared to the 14" HC projectile
produced ebout 35% more fragments weighing 2-1/2 to 640 grams and
considerably less fragments welighing ovor 640 grems in polar angle
gona 60° - 120°, About 85% of the projectile fragmont woight of
either projectile was expeclled in zone 60° - 120°,

"b;'yrhe 12" and 14" projectiles prdduccd average median beam
:ir&{ fragment velocities of 2140 ft/sece and 2210 ft/sec respec-
VelYe

CONFIDENTIAL
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The tests upon which this report is based were conducted by:
V. WILSON, Lieutenant, USHN, Fragmentat Firing Officer
S : ‘F'agmentaéion Divied

Terminal Balliatics Department

This report was p: apared byz
, ..; PHILIPGFUK Fragmentation Battery Officer
' ' Fragmentation Division
Terminal Balllstics Department

H. L.. no'mwni_ Head, Armor and Projectile Metallurgy Divisiqn |

erminal Ballistics Department

  LTh1s report was reviewed bys

“Re H. E!DDANE, Director of Research
Terminal Ballistics Department
E. L. LEVSTIK Lieutenant Commander, TSNR :
£ e Terminal Ballistics Bat{eries Officer :
; - Termina) Ballistics Department.
W. B. ROBLERTSON, Lieutenant Commander, USN
| Terminal Ballistlcs ofrioer
Terminal Ballistics Department
c. 0. BRAMBLE, Director of Research, Ordnance Group

APPROVEDs J. F. BYRNE
o Captain, USN
Commander, Naval Proving Ground

E. A+ RUCKNER

Captain, USN

Ordnance Officer

By direction . v

CONFIDEITLAL
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CONFIDENIIAL , YT REPCRT MO, 1105

Major Caliber HO Proﬁectiles

““-‘-.-- ----------------------

GMENT..V
Base Linez 80 feet .
35mm Fastax Camexs 3120 frames per sec.
" Rd. 1 - 12" HC Mk 17-2 Filler: Explosive D"
Total Weight 936.2 1bs. - Fil)er Weight 79.4 1bs.
L Frame in Whaca . Zoneé 91° -~ 104° ; o )
C . JHds Qceurred., - _Nai Fragmentd Yelocity (£/5)
13 - 2 2210 -
o 1l4 2 2190
: ;J'115 - 2 2170
- 116 L 2 2150
117 2 2130
1119 4 2100
120 3 2080
121 2 2060
- 122 2 2050
13 1 2030
- 12 2 1970
12 1 1950
‘Median _ ; 2110
Average 21C0
CONFIDENTIAL

SICURITY ITFORMATION 1 APPENDIX C



1 CONFIDENTIAL a NPG REPORT N2, 1109

Base Lines 80 feet |
39mm Fastax Camera 3420 frames per sec.
; Rd. 2 - 12" HC Mk 17-2 Fillers Explosive "D"
Total Weight 935.2 1lbs, _ Filler Weight 79.4 1bs.
Frame in Which Zone 91° - 104° '
. Hit Occurred No, Fragments Yelocity (£/s)
124 | 2 2210
- 1l26 2 2170
127 1 2150
128 ¢ 1l 2140
129 2 2120
- 130 3 2100
131 1 2090
-132 2 2070
- Median | : 2130
Avarage’ L 2130
CONFIDENTIAL

SECURLITY INFORMATION 2 APPENDIX C
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Ma jor Caliber HC Projecti;es
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Base Lines‘ 80 feet

35mm Fastax Camera 3140 frames per sec.
Rd, 3 =~ 12" HC Mk 17-2 Filler: Exnlosive uD"
Total Welght 934.2 lbs. Filler Weight 79.4 1bs.
Frame in Which Zone 91° - 104°
Hit Occurred No, ¥ragments Velocity (£/s)
113 2 2220
114 3 2200
119 3 2160
116 3 2170
117 2 2150
118 2 2130
119 1l 2110
121 1l 2080
122 b 2060
123 2 2040
124 1l 2030
Median 2170
Average 2140
CONFIDENTIAL
CECURITY INFOREATION 3 APPUENDIN C
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NPG RwpPORT 50. 1105

Major Caliber HC Projectiles

FRAGMENT VELOGCITY DATA

Base Line: 80 feet
35mm Fastax Camera

Rd. 2 - 14" HC Mk 19-4

" Total Weight 1268.4 1bs.,

-~ Frame in which
- JHit Qccurred

Median
Average

CONFIDENTIAL
SE'CURITY INFORMATION
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2100 frames per sec.

Filler:

Explosive nD" -

Filler Weight 104.2 1bs.

No. Fragments

ST IETEFRYRYY

APPENDIX C




CONFIDENTIAL MG REPCDT WOL 1105

Base Lines 80 feet

35mm Fastax Camera - . 3030 frames per sec.

Rd. 3 = 14" HC Mk 19~-4 Filller: Lxplosive "D%

Total Weight 1272.3 1hs, ° Filler Veight 104.2 lbs,

Frame in Which

Hit Qccurred No. Fragments Velocity (f£/s)
106 1 2290
10 2 2270
10 1 2240
109 2 2220
110 3 2200
112 2 2160
113 1 2150
115 1l 2110
116 3 2090
117 2 2070

Median 2190

Average 2170

CONFIDENTIAL

SKCURITY INFORLATION 2 APTUNDIX C
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Metallurgical Examination of Fragments
from 12" HC Projectiles Nos, 1421 (Rd. No, 1),
2422 (Rd, No, 2, and 1423 (Rd, No. 3)

42 No.

R

Chemical Composition:

A heavy fragment (320-640 grams) from each projectile was
analyzed . ‘

Projectile o o |
~dunmker... C. Mo, P B 81 N o __Mo
.71421 .45 1,68 .030 .018 .19 .28 .98 wundsr .10

1.
1422 - .41 1.55 .02 011 .23 419 .92 under .10
1423 T 44 1064 02 0019 023 22 - a,q,\ under «10

There were no significant differences in the chemical com-
position of the three (3) projectiles. The steel was a manganese-
chromium ajloy type with residual pickel and molybderum.

R i S T R A P o NP

Hargnesss

A fragment from the 150-320 grams group and from the 320-640
grams group of each projectile was sectioned and Vickers hardness
tests were made on relatively urdisturbed metal near the outsids
wall of the projectile,

Projectile Vickers Hardness Mumber (20 kg.)
Number . 160-320 pmeg, Group 320-640 gms, Group
1421 260 253 -
1422 274 279 |
1423 296 ‘ 315 .

Projectile No, 1421, which chowed the finer fragmentation,
apparently was a little softer than cithor of the othor projee-
tiles. However, Nos. 1422 =nd 1423 had a considerable difforence
in hardness wiiich nevertheless did not affect their relative
performance, ‘

Impact Strengths

Charpy V-notch impact tests worc made using 5 x 10 x 59 mm.
specimens propared from the largcr fragmonts by sclecctive machining,
The tost bars wore cut longitudinal to the projuctile axis and

CONFIDENTIAL
SECURITY INFORMATION 1l APPUNDIX D
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Metallurgical Examination of Fragments .
from 12" HC Projectilas Nos. 1421 (Rd. No. 1),

1422 (Bd. No, 2), and 1423 (Rd. No. 3) (Continued)

Y

were notched tangential to the projectile diameter on a 5mm face.
In spite of some difficulties indicated by the data in Table (M-1),
the results appeared to be significant partic:larly with regard to
the estimation of per cent grain on the fracture surfaces. The
test values were plotted in Figure (M-1) to show the relation be~
tween impact strength -nd tcmperzture. '

g
1
i
i
1

The estimated transition temperatures for 50% grain~-504 shear
fractures were as followss :

. ‘Projectile Transition Temperature
Nunmber . (50% _shesr fracture)
1421 +155¢°C
1422 + 90°C
1423 +100°C

Measured bv the high transition temperatures, all three (3)
projectiles would be classed as "temper brittle" but the rela-
tively higher transition temperature observed for the steel of
Projectile No. 1421 indicated a comparativelv grecter tendency
toward brittle faillure than for the other two (2) projectiles.

Macrostructures

The fragments of Projectile No. 1421 tended to show a rela=-
tively greater tendency toward interna) ceracking as illustrated
by the unetched section in Figure (M-2)., The predominant mode
of fracture was a radial tvype of cracking probably caused bv
tensil~ stresses in the expanding side wall at the beginning of
detonation,

The macrostructure of the etched sections is 1llustrated in

"Figure (M~-3)s The fragments from Nos. 1421 and 1422 HC Projec=
tiles showed both the original cast dendritie structure near the
outer wall and the worked structure from forging along the inside
wall, The No. 1423 fragment had a more extensivoly worked struce-
ture such as might have occurred ncar the base of the projoctilc.

CONFIDENTIAL
SLCURITY INFORMATION 2 APPENDIX D
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COITIDUNTIAL IS REPORT 0. 11095

- Metallurgical Examination of Fragments
from 12% HC Projectiles Nos. 1421 (Rd. No. 1)

1422 (Rd» No, g), and 0423 (Rd. No. 3) (Qontiggegz
Microstructures

The photbmicrographs in Pigure (M-4) indicated a quenched and
- tempered microstructure,

Inclusion
I ' Rating
- Projec~ : (ASTM Austenitiec MoQuaide
o tile T Globular Grain Ehn Grain
~ Number ~ Microstructure Oxides) wBize . Size
1421 Pully tempered No. 2 = thin 3=-4 2=3
‘ structure. ‘
1422 Less tempered No, 4 = thin 3-4 3
o than #l421.
1423 Less tempered No. 4 = thick 3-4 2
than #1422 (and
#i421).

" The amount of tempering decreased in the following orders
#1421 - 31422 « #1423, This change corresponded to a gradual
increase in hardness as indicated by the values given in

-Figure (M-4).
The inclusion rating, although based on a limited sample

" gize, showed a gradual increase of inclusion content in the
orders #1421 =~ 31422 ~ #1423,

A coarse grain size was observed in all thrree (3) samples,

Discussions

The body of the 12" HC Projectile No. l42l--with the most
desirable fragment distribution--was softer, had a more ductile
microstructure and was a cleaner steel than that of the other
test projectiles. However, Projectile No. 1422, which was -
intermediate in these same respects, had a frugment mass distri-
bution almost exactly like that of No. 1423 and not at all llke
No. 1421, The only respoct in which the latter projectile was
observed to diffor appreciably from the other two (2) projcctiles

was in the groator tendency toward brittle fallure shown by the
impact test.

CONFIDLNTIAL
SECURITY INFORLMATION 3 APPENDIX D
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Metallurgical Exanination of Fragnents
from 12" HC Projectiles Nos. 1421 (Rd. No. 1)
42 nd 14 Rd. HNo n

The other projectile steels wero also temper brittle by ordinary
standards.without causing umisual fragmentation but it is possible
" that tho relatively high order cf brittleness in Projeetile No. 1421
‘could have excecded some critical value above which fragmentation
might be affected. The finer fragmentation of 12" HC Projoctile
No. 1421 thercfore may have been associated with a relatively
test.

greater tendoncy toward brittlencss shown by the impact

CONFIDENTIAL

SECURITY INFOKMATION 4 APFENDIX D




d XIanNaddv

eqnqy08Iy Ysoag
poeroys U0T3008
Jo %/¢ A1uo

OH,J&OEM a—ao-uh
poAOys uog3oo08
Jo ¢/1 Lruo

siaouey

- W & = W - W > - -

GOTT °OM IMOd¥M DJN

utsad ¢86
uteld gg

uysexd 305
utead $0¥
utsad $IL
J1eq1J TIV
ugsad 269

ursad 3oz

utead 0L

uyead 366
utead 66

“Forred

sanjovii

s . HOLLVKXO&NT LIIVAOLS
TYILRZALCD
yoj0u Jjo
£ s AR 7001 338 3}0BI0 PuE €
3 ST+ §30%I0 Of 2
o'et 001+ §30BI0 ON 1 €271
et G6 + 850%20 ON 8
€L S8 ¢+ £30®I0 ON €
9°re 00T+ 830810 ON 2
uocwioods 3803 JO }oBq :
L°6 cL + Uo $30%Ta0 Tedrpn3Isuc] T 22Tt
761 ¢OT+ $30tI0 O Vi
6°cl 05T+ £30B.I0 OSaTASURI} YITI £
Usuwjoeds 3893 JO }oEq
e’s 00T+ U0 B}0%0 [BUIPN}TIUCT] r4
8°c ST+ 830810 ON T 7t
(Qt/33) 338 (0o a@oy “Fuj3eo] olojed Yoy JoqEON
qoudul oauoa uojjoodau]l anpFvudcl 383 ert30efoxe
£Adaeys ,
puooes aed *3F gU°ST K7o0rea ‘L3poeded °qI°3J Of  *3UTUIER
WQT JO P¥o3SUT opTe WmG 3deoXe pIBpuUE}S EUSTIOTLS
861139900dd OH wcl BOIJ
syucuurg 3o yduexys 3oeduy yojou-p Llreyy (1-K) °TQ°L
a13306[01d T4 JeqITed I0foE TVLLKa @ KOO




v LT SR SRS ST TR T T

h i ——— . A e WA LR I L F Ay T T e N
\ \
. H
1 1 1 T T bl -
+ : : : : TR 7. 25z ssasetey: F
; t T I it~ o QG B m» __w«w o o =t
re e + v saas r
< 4 + e
- T T ey : T so» H : o - 3
. +- + oyt sas » =0T hd
R T TH s 2884 ju il | S20ssnss: o2 O
42! +1 3as s T e = e S oo @
1 : 4 s o3 T - See T ress syt & : P
e - t ; T rasssas: 44 . T T 4 W T
= oy i ; T e - Fana ¥ -~
piadiiess oA : HEE e S SR S o e R
ypusey T ot + - e o + e re
}3 r e I oheas A i b i Q
b ¥ T ? ss agasey oy T >
[aagitansesabagistus pas 1 + T - I ; " Nt et by = s * [-+]
e Jar 3 T T - 5 Sk o4 o N 1T be sinis saedes essenses = ~
1 8359 o .aa8d e T T 28 201 —r o3 o aiwa + o)
128} i 48 4n ; n T 8 91 T +t JJ.I psasaand sSyasasasl” e R L\..ol...w,
v 11t 1113 + T +Ti - i - o8 oanes - 1!1*:. . T+ 3
Sar 1 T 1 + - ~ ”e
pEwSY 0 18 133 IS o1 1B 8! =t T A
: - 1 : : jossa i t s et o sasge
R e R s : i SEfLoE o ©
[3358 04 <53 1 " . 2 =1 TH 4 amesasys ruroas ° :
T r: T : 1 e < y et e} .
- i sass s t . 2828 groeve .
ety g 2e t s o I? t T - e :
8 + = Tessass T :
s : *t t bs 3 o oty R !
o ¢ w? e ¢ Lot T 3 5 . e .
e i Y l* 11 b - ) b pbonl Lo + .
13 $r11t2 8% : 15 * K
1333 Fees seta+Rane s i 1 T = O :
— - > cSoaeat. e gt :
,...« 4 Lu + + -+ v — L H
4 . e ) i ——-
A3 et H 3 bea e Todbe s pegets % :
. b r e —— v
ki e Se S e e e :
a3 aepdvesh patps ey ooy w2} oses: 1 ~ © :
1 8 T e A » H
A besk ilie : : °os
jep it T + s Sedus o & Soduve WP'O. a4 :
[538) 4 $ie ol 4 A on: A | e ot o -
¢ vm” SEge-is vise T e rsees seasas: o ants X3 3 ]
i il o8 ol 13 T hT %% T STy ey +
res peyey pstspeest oy T T A eb s $ o
+1 Tpaids sSusy oo 2 i T it : |
v JR004 01 ol s ey en 81 + oS AU 1 (
<t giites [3hetas; - 7T
i naRT yog pw e 2w w,« +t
e 194 ® 444 + 35
H e bt is Ehonced,naty . 2! ! 28
T + 8w D
oy ] 3 | W91 T
[35s 1 1 : 0n
i : Fsinl Bgess : =
pags a3 ] -
BT ! Pt ﬂ RN
CTTSIEE peeease: o UEt Iat S&& ,
Sad ) O I FIN " :
Rilitegeittn Fos st anyse: i \ +
: s e
THI ] ST Foalt b : H +
;H‘y pAYE PSRRI *6p Sy ’e 1 "
[patejeyes sl 183 = [ o]
IPPYS YRo us PR WS SPITRY 4o + "
0 3
&bxn?.mﬁurv mlx.rw.v - + mA
bt [ame rd - atre by T £
e 5 T + : flar
+— "y i
sapryiseioeylisi ' |
it -y 56 +1 <
|
il ssfi4t ettt 3y |
- 1 T .m |
- rW R + - f -
..| ...fr»x.wt.x o8 sgnEyIpa Am
143 -]
L M =
; &
: ; oun
: _ 3
4 T
N,
t
: : : . = T G
+ + 3 e s +t $ Tos sos oy
2 : I “ aet! Bt Eiantlo m;
R s - - - ™
‘ | | . % ©W 0 B -~ a o m 0 u ﬁ O © Vv <« «o i

‘uompoeds *mxg = (*qU°33) TEweE JoRIKL YUyou-A Llreqd

o e i Ll C N vv




R T I T S e L g e et S o

NOILVAYOINI ALIHNDES = TVIINIAILCO

€2t 2215 1201 4

-

S 371103r0ud OH.2!

X 2/T T :uorjeorjyuden porojeun
‘aInyovly Jo uof3ed0] ugmoys ‘dnoapn *suwd (gy9-0z¢ ouj uy sjusudexry TeopdLl ySnoayl SUOT}0eS 9SJIIASUBI]
907€7-6d1

SOTT °*ON I¥DddM DdN 99TF309f0ad OH 20qFT8) Io[wl TYILEALLI00




NPG REPCRT NO. 1125

e

Major Caliber HC Projectiles

et ‘ur-ﬂ'fm

NP9-43407

Dendritic Structure.

£ Transverse Sections Through Typical Fragments in the 320-640 gms. Group Showing the

[+

¥acrostructure

112x

Magnification:

Etch: Aamonium persulfate

e

1422

-
-—

APPERDIX D

Figure (M-3)

"DENTTAL - SECURITY INFCRMATION
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‘ Major Caliber HC Projectiles
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| NPD-43408 (B) , NP9.43409
. Projectile No. 1421 Projectile No. 1422
Bardness: 262 VPN (10 kg) Hardness: 283 VPN (10 kg)

'y L

LA [ '4 ,,_.;::
AR s ot A
' NP9«43410
Projectils No. 1423

. Hardness: 312 VPN (10 kg) .

Miorostruoturss in Side Wall Fragments from Throu 12" HC Projectiles,
Longitudinal Seotions of 160-320 gms. Groupe.
Etch: Nital-pioral, 5 B o Magnitication: 250X

W A FORMATION Figure (M-4) APPRNDIX .D
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Major Caliber HC Projectiles

RISIRIBUTION

Bureau of ' Ordnance

Ad3
Re2
'Re3
- Re3d

Chief of Ordnance
~ Department of the Army
- Attns . ORDTX-AR ' 1l

Navy Research Section
Library of Congress
- Washington 25§)D. Ce

Vo=

(Via EUORD Re 2
Commanding Gonaral
Abordeon Proving Ground
Aberdoen, Maryland
Attni Tochnical Information Section

Development and Proof Services 1l
COmmander Operational Development Force
Ue B¢ Atlantic Fleot, U. S. ffaval Base !
Norfolk 11, Virginia 1 j
‘Na{al Ordnance Leboratory 1l ‘WJ
Naval Ordnance Laboratory .
Attns Txplosives Division 1l -
Attns Mr. H, W. Scmon 1l ;
Pleatinny Arsenal, Dover, N. J. é
Attn: Tochnical 61vision 1 ;

- : . i
Reports office i
APL/JHU, silver &pring, Maryland 1 |

APL/JHU, Bilver Spring, Maryland
Attns Mr. He 8. Morton
(Via INSORD, Silver Spring, MchIund) 1

).
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RISIRIBUTION (Contirmed)

Inst. for Cooperative Rosearch

JHU /1319 St. Paul St.

Vias (Distriet Chief, Phila. Ord District
1500 Chestrut 5t., Phila. 2, Pa.
Attns Mr, Edward R. C. Niles)

'Boeing Airplane Company
Seattle Division
Seattlg, Washington

Commanding Officer
Frunkford Arsenal
~Phlladclphia, Pae

Locals
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0T2
OT=~1
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